1 Introduction
Germany's wood-based bioeconomy
The transition from a fossil-fuel-based economy to a biobased economy has been fostered by the German government and by the EU through the establishment of their respective bioeconomy strategies (BMBF 2011; EC 2012; BMELV 2013) . A key element of these bioeconomy strategies is to sustainably produce renewable biological resources and to process them further into high value-added products such as food, feed, bio-based materials, bio-based chemicals and bioenergy (Ibid.). The aim is that after food production, higher value-added products can then be produced from the remaining biomass, before the biomass is used to produce energy (BMELV 2013) . As a result, wood is (at 84 %) the primary biomass resource used in energetic and material applications (Raschka and Carus 2012) . Its physical and chemical composition enables us to develop a wide range of potential applications. Therefore, the use of wood in the production of higher value products is expected to rise (BMELV 2013) .
Developing new materials and chemicals from wood biomass requires an integration of many industrial sectors and thus the development of industrial networks. A wood-based bioeconomy would, therefore, encompass all sectors related to the chemical and pharmaceutical industry, in addition to sectors related to traditional forest clusters.
1 All production activities cause potential environmental, economic and social benefits and risks (BMBF 2011; Müller and Knierim 2012) . Particularly social implications (e.g. effects on quality of life) attract the attention of the public, as these may influence society's acceptance of the development of a bioeconomy within a region (Kircher 2012) . Due to the relevance of the wood-based industry for the German bioeconomy, research is required to identify, evaluate and monitor the social sustainability of wood-based bioeconomy chains in a regional context.
Social life cycle assessment
There are currently a variety of tools and approaches to evaluate and manage the social sustainability of an organisation (UNEP-SETAC 2009). Social impact assessment, for example, is a precautionary analytical tool that focuses on the potential social issues associated with future projects (Esteves et al. 2012) . Management standards, such as ISO 26000 (ISO 2010) , the Global Reporting Initiative standard (GRI 2011) or the Social Accountability 8000 standard, SA8000, (SAI 2008) , are more guidance-based, advising organisations on how to conduct a socially responsible business. These tools are unable to assess or monitor how the well-being of individuals is affected throughout a product's life cycle. However, it is crucial to assess the effects along the entire chain in order to avoid a shift in social effects.
2 Therefore, there is increasing interest among researchers and industrial practitioners to develop a consistent sLCA approach (e.g. Hunkeler 2006; Jørgensen et al. 2008; Macombe 2013) . In general, sLCA approaches can assess the social effects associated with the organisations in a production system. The results can be applied to improve the social performance of the organisations and therefore positively influence the well-being of affected stakeholders Parent et al. 2013) .
While many sLCA approaches have been developed, a standard method has yet to be agreed upon. The major aspects still under discussion with regard to the implementation of sLCA include indicator selection and analysis (e.g. Lehmann et al. 2011; Parent et al. 2013; Mathe 2014) , functional unit definition (e.g. Klöpffer 2008; Macombe et al. 2013 ) and impact assessment (e.g. Reitinger et al. 2011; Feschet and Garrabé 2013; Ekener-Petersen and Finnveden 2013) . Hence, there is neither a standardised nor a straightforward procedure for conducting an sLCA that analyses a particular type of product being produced within a region.
Goal and structure of the paper
Due to the major challenges involved in implementing the national and international bioeconomy strategies, there is a need to establish regional context-specific sLCA approaches (i.e. concepts and methodologies to be applied) in order to assess social effects from production activities on the relevant stakeholder groups. Hence, the goal of this paper is to introduce and describe the most applicable sLCA concepts and approaches which can be applied in the context of assessing the social sustainability of wood-based production systems in a German bioeconomy region. A series of case studies, methodological developments and review papers are presented with regards their applicability to identifying social hotspots and opportunities for regional wood-based production systems. Additionally, the reviewed literature is used to identify potential challenges for such a sLCA approach which still need to be addressed. We structured the analysis according to the main phases of sLCA along the same lines as those defined by ISO 14040 (Klöpffer 2008) . In a subsequent paper, 1 A forest cluster encompasses raw timber-producing forestry enterprises, processing industries of semi-finished wood, pulp and paper products, and downstream manufacturing industries that provide end consumers with various finished wood and paper products (Kies et al. 2010 ).
we will present the developed sLCA method applied to a case study, including concrete social indicators, indices and performance reference points.
2 Defining the goal and scope 2.1 Defining the goal-the purpose of the developed sLCA approach Generally, sLCA results can address a wide range of decision makers, such as industry management, consumers and public decision makers ). However, this paper focuses on the producers' perspective and, therefore, considers the organisations within a wood-based production system as the users of the results derived from applying the developed sLCA approach. The organisation producing the evaluated final product, as well as organisations found along the production chain, should be informed about the complete product's social performance, as well as about their own social individual performance. Thus, organisations potentially causing social effects to the stakeholders defined in Sect. 2.4 should use the sLCA results in order to prevent negative social effects. The sLCA approach can help to identify social hotspots and opportunities for organisations along the production chain, to improve their social performance. In this case, the term social hotspot denotes the aspects along the production chain that have a relatively high potential for improvement in terms of their social performance. A social hotspot can therefore be associated with either one behavioural aspect of an organisation, the specific social performance of an individual organisation, or a life cycle stage that is comprised of several organisations. The social performance of a product can be captured by social indices, which are able to evaluate both negative and positive social effects (Section 2.7). Accordingly, we define social opportunities as the aspects along the production chain associated with one behavioural aspect, an individual organisation or a life cycle stage with good social performance as indicated by the social indices. These social opportunities should be fostered further in order to improve socially sustainable development. This assessment can be used to inform the producers in the regional woodbased production system so that the social effects caused by their production activities can be improved or prevented.
Regional system boundaries
In an sLCA focusing on the potential social implications of a wood-based regional bioeconomy chain, we assume that all relevant activities related to the main life cycle stages of a wood product (e.g. wood harvesting, wood transport, preprocessing and the production stage of the wood product) are located in a geographic area smaller than a country (Fig. 1a) . We refer to this geographic area as the regional bioeconomy foreground, denoting all activities within this area as regional foreground activities (O'Keeffe et al. 2016) . The region immediately influenced by these activities is defined as the bioeconomy region (including both production site and surrounding communities) (Fig. 1b) . The regional system boundaries are determined by the administrative level for which data and statistics are available (e.g. the federal states of Germany). Thus, the location of the major foreground activities in a wood product's life cycle determines the federal states that constitute the regional system boundaries (Fig. 1c) . Identifying the geographic region where the major activities of the production system take place is imperative for the regional sLCA, as it influences how the social indices and indicators and characterisation approaches are developed and inventory data is collected. These aspects will be discussed in detail in Sects. 2.8, 3 and 4.
Although we focus on the social implications of the foreground activities of wood-based production systems within a German bioeconomy region, the activities outside the region also need to be taken into account (O'Keeffe et al. 2016) . Therefore, the purpose of such an sLCA framework should be to provide detailed results for the specific production chains within the region of interest, identifying the social hotspots and opportunities and where they occur in the bioeconomy region, while also providing an overview of the potential social effects outside the region.
The production system
The production system encompasses all of the activities of the organisations involved in the different regional life cycle stages of the wood-based product, such as biomass production (BP), transport (T) or material production (MP) (Fig. 2) . Typically, an LCA analyses environmental performance in terms of the technical processes in a production system. In contrast, an sLCA considers the conduct of the organisations in the product's life cycle as the main driver behind the social effects affecting individuals (Dreyer et al. 2006) . Consequently, the production system in the sLCA is defined as a network of organisations which are evaluated based on their social performance. The performances of the individual organisations are aggregated to generate the product's final sLCA. For the purpose of this paper, and especially for the analysis of the regional foreground activities, we also describe the production system in this way, as it is consistent with organisations that cause social effects.
Stakeholder categories
The social effects generated by the organisations are Bfelt by people or groups of people^ (Macombe 2013: 63) . In the sLCA, stakeholder categories are used to organise the various groups of people that are potentially affected by the organisations' activities (Schmidt et al. 2004; UNEP-SETAC 2009; Ciroth and Franze 2011) . In general, three main stakeholder categories can be recognised: workers, local communities and national society. Workers refer to the people employed by the organisations involved in the production system (e.g. loggers, lorry drivers and factory workers). The social effects they experience arise from the organisation's conduct, i.e. due to the overall working conditions provided by the employing organisation (e.g. overtime, discrimination or salaries). Local communities are stakeholders that live in physical proximity to a production site, i.e. saw mill or forested area, from which wood is harvested. They are affected by organisations' behaviour, either positively through employment opportunities generated in the region, or negatively through emissions (e.g. noises or odour) generated by the activities of the organisations involved in the regional production system. National society refers to social benefits or risks to the community in the country of operation (e.g. Germany) and, therefore, includes the common social values of a civil society (e.g. NGOs and social associations). Figure 2 schematically depicts how the organisations of the major life cycle stages are related to the selected stakeholder categories.
Defining and using a functional unit
One methodological challenge that is currently being faced in the development of an sLCA is the ability to relate the social effects to a functional unit (FU) . The latest review carried out by Petti et al. (2014) indicates that out of 35 sLCA case studies, only 12 took a numerical FU into account, whereas 18 considered the use of a non-numerical FU (from which only 3 specified the reference flow) and 5 stated no FU at all. Although most studies actually define an FU to their process, they do not always use it to report the sLCA results and, in some cases, it is considered irrelevant. This is because social effects are caused by the conduct of organisations and not necessarily directly by the activities involved in making a product (as in conventional LCA), therefore making it difficult to directly relate the organisation's overall social performance to a particular product being produced by the organisations involved in the production system (Dreyer et al. 2006; Klöpffer 2008; Swarr 2009; Benoît et al. 2010 ). However, if there is to be an appropriate product-related assessment, then an FU is a necessary requirement, with the FU being derived using the same definition as outlined in the ISO 14044/ISO 14040. This would also enable the sLCA results to be combined with conventional life cycle assessment and life cycle costing approaches. The concept of activity variables can be introduced, in order to generate sLCA results related to an FU, in an sLCA framework that deals with Fig. 1 Determining regional system boundaries in a stepwise manner. In (a), the location of the production sites are identified. In (b), the bioeconomy region is depicted as the sum of the areas influenced by the production sites and transport routes. Part (c) shows the regional system boundary made up of the federal states of the bioeconomy region Fig. 2 Relationship between the production system and the stakeholder categories in a single production chain. At each life cycle stage (e.g. biomass production, transport or material production), organisations involved in the production activities affect stakeholders such as the national society in general, or local communities and workers qualitative and quantitative data. We discuss this below in Sect. 2.6.
Activity variables-relating social effects to the product
Although the social indicators (e.g. average working week) used to calculate the social effects often cannot be expressed per unit of an organisation's output, they can, however, be related to corresponding performance reference points, 3 or PRPs, for each organisation in the production system. Thus, each quantifiable social indicator value (e.g. 50 h per week) of the organisations in the regional foreground is assessed with a respective PRP (e.g. 48 h per week). Using a scoring system (e.g. 1 = worst social performance and 10 = best social performance), the social indicator results are then displayed as a relative social performance score. This calculation procedure is outlined in Fig. 3 , where the relative social performance scores of a sample social indicator (SI) are aggregated into social indices (I). The organisations' indicator values are directly translated through PRPs into a relative score. This allows an appropriate discretion when assessing confidential organisational data during the evaluation process. Activity variables, such as working hours, value added per activity and mass can then be used to relate an organisation's social performance to an FU equivalent to those used in environmental LCAs. This is done by calculating the proportion of the products produced by one organisation which contribute to the end product under consideration. In Fig. 3 , the activity variables are displayed on a mass basis. For example, the first organisation produces 20 % mass weight of the end product under consideration. Therefore, the social index value is multiplied by 0.2, the activity coefficient. Thus, the final social indices which are used to assess the production system are proportionately weighted with the activity factor of an organisation's production that is put towards the end product (Fig. 3) . The resulting social life cycle inventory (sLCI) of all the associated organisations in the bioeconomy region is, therefore, a matrix of relative (dimensionless) numerical values, which are in proportion to an organisation's contribution to the product's FU. These are regarded as being equivalent to the scaling matrix used in conventional LCA computations (Heijungs and Suh 2002) .
However, it must be noted that the approaches for relating the social effects to the product in an sLCA are still at an early stage of development and require further research and discussion.
Social indices and indicators
In social science, the sLCA concepts of social impact categories and indicators are defined as social indices. This terminology is applied in this sLCA framework to acknowledge unknown cause-effect relationships between an organisation's activities and its social effects ). The social indices can comprehensively relate social issues (e.g. average working week and average overtime per day) to concepts such as the work-life balance of the workers. This concept makes it easier to understand for decision makers because it provides a single estimate based on a broad assessment concept. Each social index is characterised by one or more social indicators which are used to estimate the state of the index. The social indices and their relationship to the previously identified stakeholder categories are depicted in Fig. 4 . Common social indices applied in sLCA studies include freedom of association, wages and salaries, discrimination, forced labour, child labour, and health and safety (Dreyer et al. 2010a; Halog and Manik 2011; Foolmaun and Ramjeeawon 2013; Hosseinijou et al. 2014) . However, sLCA approaches use various social indices and different numbers and types of social indicators. Therefore, the appropriate selection and development of such indices and indicators remains one of the major challenges in sLCA. Section 2.8 below discusses and proposes a means of developing social indices and indicators in order to assess production systems from a regional perspective.
Developing context-specific social indices and indicators
Social indices may be defined on a global basis or for a specific geographical context (e.g. for a group of countries, a single country or a federal state) and/or a particular field of interest (e.g. the national economy, a specific industrial sector or a societal group). The social indices and indicators must be specified since an organisation's conduct is highly influenced by a region's socio-economic conditions, e.g. the cultural setting, the legislation or common societal norms UNEP-SETAC 2009; Zamagni et al. 2011) . Therefore, the social aspects which are relevant for such a system and which can account for the socio-economic conditions in the region have to be identified and translated into social indices and indicators. In order to select relevant social aspects and to aggregate them into social indices, we suggest combining top-down, globally relevant social sustainability aspects with bottom-up context-specific social aspects as proposed by Dreyer et al. (2006) .
In the top-down analysis, social indicators and indices from documents containing international sustainability standards (e.g. SA 8000, ISO 26000 and Global Reporting Initiative (GRI)), as well as current sLCA approaches, should be analysed with regard to their applicability and relevance to the context of the regional study (SAI 2008; ISO 2010; GRI 2011) . The relevant social aspects identified are then specified further and refined to suit the context of the study (e.g. the wood-based system) and the socio-economic conditions within the regional system boundaries (Fig. 1 ). This analysis is also applied to develop and select social indicators and indices for identifying social hotspots outside the region.
The bottom-up approach uses, for example, national sustainability strategies (e.g. Germany's sustainability strategy (Statistisches Bundesamt 2014)) in combination with regional strategies (e.g. Saxony's sustainability strategy (SMUL 2013) ) in order to refine the identified social aspects. Another important aspect of the bottomup analysis is the integration of the interests and preferences of the affected stakeholders (identified in Sect. 2.4). This, in turn, should be used to create social indices that make sense for the stakeholder, as suggested by Mathe (2014) , while also being representative of the regional situation. Thus, which data collection method (e.g. literature analysis, expert interviews or focus groups) to use and who should be considered when identifying stakeholder interests heavily depends on the context of the study and the capacities of the sLCA practitioner.
Therefore, for assessing wood-based products from a bioeconomy region, the social indices should account for underlying national social issues (e.g. the high gender pay gap in Germany), common social norms (e.g. appropriate work-life balances), sector-specific issues (e.g. a relatively high rate of fatal accidents in the forestry sector) and the interests and preferences of the affected stakeholders in the region. Social indicators, selected and developed in this way, guarantee an accurate assessment from a regional perspective.
2.9 Presenting the social effects to regional producers SLCA practitioners can report the results on the regional foreground (i.e. the social hotspots and opportunities) obtained through calculating the social indicators and indices in different ways. The organisation producing the evaluated final product, as well as the organisations found along the production chain, is the potential user of the sLCA results. The final results can be reported in a manner of different ways, depending on the receiver of the information and its interest. Reporting results at the highest aggregation level would present the results of the social indices for the assessed product, grouped according to stakeholder categories. Therefore, since the social performance of the different organisations involved is consolidated along the production chain, no single organisation is identifiable in the final result. In addition, the results can also be reported with a lower aggregation, e.g. the characterised results of the social indices for each individual organisation can be provided to each. Additionally, the results of the social indicators, which are consolidated into the indices, can also be provided. These detailed results can be used by organisations to compare their behaviour to the status quo of their particular sector and/or region in which they are operating. Producers can use this information when making decisions about the internal management or external communication of their social performance. On the Fig. 3 Consolidating the relative social performance scores of the social indicators (SI) into social indices (I) and relating the proportion of these individual organisations' social performances to the final product using a mass-based activity variable Fig. 4 Graph of the social indices and their relation to the stakeholder categories. Each social index is calculated by one or several social indicators and relates to one of the identified stakeholder categories whole, the information generated from this type of sLCA analysis should encourage decision makers to take more sustainable courses of action.
3 Social life cycle inventory (sLCI)
SLCIs in global hotspot assessment studies
Data is collected in the sLCI to estimate the social indicators which were identified as being relevant to the goal and scope. Life cycle assessment tools are traditionally considered to be global assessment tools since current production systems are connected to the global economy (Heijungs and Suh 2002) . In this regard, global hotspot assessment studies aim to identify social hotspots throughout a global product life cycle to improve and ensure sustainable performance by reducing potentially socially negative effects across the entire product life cycle. Inventories for sLCA are compiled across different scales (i.e. generic or site-specific), due to the availability of time and data and the purpose of the study. Often generic data at a high aggregation level (e.g. national or sector level) is used to scan global product life cycles for social hotspot locations. Thus, the potential social effects of the product life cycle under consideration are determined by the social conditions in the country or sector. As a result, countries or country-specific sectors, where there is a high risk of severe social issues or where there is potential opportunity for improvement, are identified Ekener-Petersen and Finnveden 2013; Benoît-Norris et al. 2014 ). This method is well suited for approximating the social effects associated with a product's life cycle, i.e. the type of social issues and the country or sector in which they occur. These results serve more as a scoping step for further site-specific investigations, because the data on social conditions in a country or sector cannot be directly linked to one specific production chain or its associated organisations. Generic inventories can provide a general understanding of the system; however, this does not take into account the social differences between regions or the social performance of specific organisations.
SLCIs in regional hotspot assessment studies
While a global hotspot assessment approach can help answer questions about social issues related to the German forestry sector in general, it cannot support the assessment of the social performance of specific foreground activities in a bioeconomy region. Therefore, to assess the regional foreground, a sitespecific sLCI approach is necessary to identify social hotspots and opportunities of a particular product. Thus, as a first step, the major foreground activities have to be identified along with the organisations involved in the production system. Furthermore, their geographic location has to be determined in order to select the context-specific PRPs (see Sect. 4). To estimate the social indicators, data is collected directly from the organisations associated with the regional foreground activities (e.g. through personal interviews or questionnaires, and web searches). In this regard, information collected about the behaviour of the different organisations is based on the developed context-specific social indicators. The indicator values combined with the related PRPs allows a social profile for each organisation to be established that shows their specific social performance. Thus, the relative social performance scores indicate a social hotspot or opportunity of the particular social aspect addressed with the social index. The social profiles can be used to inform decision makers on their contribution to the overall social effects of the product being assessed.
In addition to the regional foreground activities, the social effects occurring outside the regional system boundary also have to be taken into account. This can be done by collecting generic data on social indices, selected form a top-down analysis, which can help to efficiently identify social hotspots outside the region. Global hotspot assessment methods can scan global product life cycles for Blocations^(e.g. countries or country-specific sectors) where there is a potentially high risk of severe social issues (UNEP-SETAC 2009). They can provide an overview of the social issues outside the system boundaries and therefore contribute to the analysis of the entire system outside the foreground activities.
In the end, sLCIs will consist of two different data scales: (i) site-specific inventories for the regional foreground activities and (ii) generic inventories for the global product life cycle outside the region (Table 1) . This requires two different levels of interpretation. For the regional foreground activities within the system boundaries, we can directly relate the identified social hotspots and opportunities to the particular production system and the individual organisations. This detailed information helps us better understand the social effects resulting from wood-based production system in a region and therefore can support regional decision makers within the organisations. Furthermore, we can locate the social effects in the region and thus identify specifically affected stakeholders. In contrast, for the activities outside the region, an overview can be provided about the social hotspots related to the countries and country-specific sectors.
Social life cycle impact assessment (sLCIA)
After collecting the sLCIs from the regional organisations, the next step is to determine whether they indicate a Bgood^or Bbad^social performance with regard to the specific social aspect. For this, the indicator values need to be characterised by a certain reference (e.g. benchmark). However, unlike conventional LCA, the ability to estimate or provide characterisation factors associated with the social cause-effect pathways is still at an early stage of development for sLCA. One approach outlined in the literature for characterising social effects is the introduction of PRPs used to calibrate the social indicators. This characterisation approach augments the inventory data and enables contextualisation (Paragahawewa et al. 2009 ). PRPs describe either a threshold, benchmark or ideal objective (i.e. a desirable value) for the indicator values (UNEP-SETAC 2009; Revéret et al. 2015) . Accordingly, PRPs enable the position of an indicator value to be assessed relative to the performance expected from a set reference value (Paragahawewa et al. 2009 ). In other words, the PRPs can be used to calculate the level of an indicator value's social performance (Revéret et al. 2015) . This is referred to as the relative social performance. Three major types of PRPs or approaches for characterising indicator values can be found in the literature (Table 2) .
In the following sub-sections, we explore the three approaches within a regional context and describe why regional sector-specific PRPs should be prioritised as a four-tier PRP characterisation approach.
Characterisation method: international PRPs
Ciroth and Franze (2011) provide an example of such PRP characterisation method on an international level, which is summarised in Table 2 . The authors adopted the PRPs from ILO labour standards, ISO 26000, or the BOECD Guidelines for Multinational Enterprises^to assess the social indicators. These approaches are useful for evaluating global production systems with a common social sustainability standard.
However, these standards represent only a minimum standard due to their global applicability. For the purpose of the sLCA framework developed here, international PRPs are too general to assess production systems in a German bioeconomy region. Nevertheless, they can be used within the framework to characterise the generic inventory data applied to assess the activities outside the regional system boundaries.
Characterisation method: national PRPs
Chang et al. (2015) provide an example of a characterisation method that takes into account the national background of the production sites (Table 2) . They compare organisations' wage levels with the national non-poverty wage. Characterisation on a national level is useful for understanding the value of an indicator with regard to a country's average social performance. Ramirez et al. (2014) stated that countries with a positive performance encourage organisations to comply with international agreement requirements and thus support good social performance. Therefore, the country's socio-economic conditions should be taken into account when characterising the indicator values. This is also useful for an sLCA framework which focuses on a specific region within a country, as it can provide valuable insights into how the system performs in relation to national sustainability standards. The difference between this type of approach and the previous one is that, in this case, the PRPs are not valid for the entire product life cycle. Threshold Sector level List of social benefits most commonly provided to farm workers (wage, insurances, pension plan contributions, paid sick days) (Revéret et al. 2015) Benchmark Revéret et al. 2015 4
.3 Characterisation method: sector PRPs
This type of characterisation method uses an additional component to the international or national PRPs. In Table 2 , we present the case of Revéret et al. (2015) , as an sLCA study that applies PRPs on a sector level. In their study on the Canadian milk production sector, they selected, in addition to national PRPs (e.g. minimal legal requirements), sector PRPs related to sectoral standards (Ibid.). These can either indicate average sectoral performance such as the sector median salary or best practice examples (Ibid.). Thus, the indicator values of the organisations in the production system are related to the general performance of a sector, such as the milk sector in this Canadian example. A key aspect of sector PRPs is the ability to take into account the differences in the social conditions between the sectors (e.g. the forestry sector and the processing industry), as well as the similarities within the sectors. This is particularly significant when, for example, working conditions are evaluated. In the forestry sector, workers commonly work outside in difficult and challenging conditions. Therefore, this working environment cannot be compared with the working conditions of an office worker. It should be noted that sector PRPs can be developed on an international, national and regional level to provide greater regional and spatial detail.
Characterisation method: regional PRPs
Regional PRPs (e.g. at an administrative level below country level) can provide valuable insights into the social sustainability of a wood-based production system within a specific regional context. Having more detailed regional information is useful for understanding the social effects of regional foreground activities in a bioeconomy in relation to the status quo or best practice in the region. It is necessary to include PRPs on a regional level (e.g. average wage in the corresponding federal state), especially if there are greater differences in conditions within a country. In Germany, for example, income differs between the federal states (Fuchs et al. 2014) . Therefore, the indicator value of an activity in a Blow income region^(e.g. Thuringia or Saxony) cannot be compared with a PRP from a Bhigh income region^(e.g. Bavaria or Baden-Wuerttemberg). However, a regional differentiation of the PRPs may not be necessary in every case. In small countries, the national administrative level may be enough to define the PRPs if social conditions are more or less homogeneous throughout the country (e.g. Ireland or the Netherlands). However, in larger countries where there are greater regional differences in social conditions (e.g. the US or Germany), regional PRPs are more than likely required.
Needless to say, the selection and application of PRPs should be carried out with great care. The PRP set for indicators which are to be used in a regional study should, therefore, aim to achieve higher social standards than those outlined in international standards, regardless of the geographical location of interest. The purpose of applying contextualised PRPs should be to foster sustainable development and, hence, to provide incentives for improved social behaviour. Additionally, to avoid a positive evaluation of severe behaviour, the PRPs should be developed not only from national, sector and/or regional statistics but also from desirable values. For example, the desirable value for the indicator Baccidents^is zero and the statistical average in the sector would add information about the range of indicator values. To calculate the relative performance, both pieces of information have to be taken into account to avoid a positive characterisation of a negative social performance. Thus, the ideal expected performance, as well as the best or average practice, should always be included in the development of PRPs. The use of statistics in the development of regional (sectorspecific) PRPs removes elements of subjectivity, ensures transparency and provides information about the status quo of a sector and region, for which we have no indication of the ideal values (e.g. management measures). Therefore, PRPs are valuable references to evaluate the level of social performance indicated by the organisations' indicator values.
Consequently, for the purpose of assessing regional woodbased foreground activities, regional sector-specific PRPs (e.g. average wage in the forestry sector in Saxony) should be preferred over national sector-specific PRPs (e.g. average wage in the forestry sector in Germany). However, to characterise a generic sLCI for activities outside the region, a higher level of PRPs (e.g. national or international) should be applied since the inventory values are also on a higher level (country or country-specific sector).
An sLCA framework for regional bioeconomy chains
The regional sLCA framework should provide sLCA practitioners with appropriate concepts and approaches to analyse Bsocial hotspots^and Bsocial opportunities^from a regional perspective. The particular purpose is to identify and evaluate social effects relating to a product and the organisations involved in the production activities found within a bioeconomy region. Therefore, based on the assessment of literature outlined in the previous sections, we propose the sLCA framework, for assessing regional wood-based bioeconomy chains, which is outlined in Fig. 5 .
The goal and scope of the framework (Box 1) involve the identification of social hotspots and opportunities of the foreground activities involved in a wood-based production system in a German bioeconomy region. The conceptual regional sLCA framework and the relationship between the social indicators and their characterisation with PRPs (as addressed in Sect. 4) are depicted in Box 2. Furthermore, Box 2 shows that the social indices (addressed in Sect. 2.7) are associated with one identified stakeholder category (addressed in Sect. 2.4). Box 3 in Fig. 5 illustrates the operationalisation of the sLCA framework, with inventory values being derived directly from organisations in the production system (for the regional foreground), scored and ranked using regional/ sectoral derived PRPs, weighted and allocated for each organisation relating to their activity variable, finally defining their contribution to the FU determined for the study.
Thus, as a first step, the inventory for the production activities in the bioeconomy region is compiled. Site-specific data is collected from all of the organisations involved in production activities related to biomass production (BP), transport (T) or material production (MP) (i.e. the life cycle of the product). The social indicator values collected are used to develop social inventory matrices for each organisation of interest. This enables the identification of social effects directly related to the product of interest and those particular organisations involved in the production system within a bioeconomy region.
The second step is to evaluate the social indicator values in the inventories with PRPs. The PRPs used as a type of characterisation method contextualises the individual inventories to a particular reference or benchmark. As the framework should enable social hotspots to be identified from a regional perspective, the use of regional sector-specific PRPs should be prioritised (e.g. average wage in the forestry sector in Saxony) over national sector-specific PRPs (e.g. average wage in the forestry sector in Germany). Consequently, social effects caused by the particular organisations in the production system can be evaluated through the PRPs and be presented as organisations' relative social performance scores to them.
In a third step, outlined in Sect. 2.6, activity variables (e.g. working hours, value added per activity and mass) can then be used to relate the organisations' social performance to an already established FU by calculating the proportion of the products produced by one organisation in relation to the end product. The resulting sLCIs of the organisations is a dimensionless matrix of relative numerical values. Each social index value represents an organisation contribution to the product's FU. The consolidated inventories form one social inventory matrix for the product of interest. Thus, the final social indices assessing the product are proportional to the activity factor of an organisation's production that goes into making the end product. The sum of the different social indices then identifies the overall social performance of the wood-based product.
Summary and outlook
This paper proposes a regional context-specific sLCA framework to comprehensively address social effects occurring in the region where major production activities are found and is outlined in Fig. 5 .
When analysing regional social effects from a life cycle perspective, it is necessary to assess the regional foreground activities, as well as the potential social effects, outside the regional system boundaries. We, therefore, propose that, as part of the sLCI, site-specific data be collected directly from the organisations associated with the production activities found in the region and generic data on potential social issues in countries or sectors associated with activities outside the Fig. 5 SLCA framework for the assessment of wood-based products from bioeconomy regions. While Box 1 repeats the goal and scope, Box 2 presents the general conceptual framework, and Box 3 is an example of operationalisation region. For developing and selecting international accepted and context-specific social indices and indicators, a combined top-down and bottom-up approach is suggested in order to calculate the social effects occurring from the regional foreground. This approach is crucial for adequately addressing industry-and location-specific social effects.
While the indicator values collected in the sLCIs itself are Bneither good nor bad^ (Klöpffer 2008) , they have to be characterised in the sLCIA phase. The use of PRPs, as discussed in this paper, presents one way of characterising the collected indicator values. Since the aim is to take into account the regional context, we suggest prioritising regional sector-specific over national sector-specific PRPs. Thus, the relative social performance of a particular organisation and the final product of interest can be calculated.
Despite the remaining challenges in developing an sLCA approach, the framework for the context-specific sLCA, presented in this paper, is a starting point for answering the following overall questions: (i) BHow can the relevant aspects of social sustainability be identified and assessed for a product from a bioeconomy region?^and (ii) BHow can such assessments be used to monitor and evaluate production systems in a bioeconomy region?^Thus, the framework can be used to develop an sLCA method to accurately analyse a product's social performance from a regional perspective in order to inform decision makers about improving or preventing social effects caused by their production activities.
